Wi A2
%;ét(-)() RD COPY

PERMEABILITY OF NICKEL TO HYDROGEN ISOTOPES

by
M. R. Louthan, Jr. and R. G. Derrick

Savannah River Laboratory
E. I. du Pont de Nemours and Company
Aiken, South Carolina

Submitted to
Seripta Metallurgica for publication
as a Technical Note

This paper was prepared in connection with work under Contract
No. AT(07-2)-1 with the U. S. Energy Research and Development
Administration. By acceptance of this paper, the publisher
~and/or recipient acknowledges the U. S. Government's right to
retain a nonexclusive, royaity-free license in and to any copy-
right covering this paper, along with the right to reproduce
and to authorize others to reproduce all or part of the copy-
righted paper.



This document was prepared in conjunction with work accomplished under Contract No.
AT(07-2)-1 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responshility for the accuracy,
completeness, or usefulness of any information, apparatus, product or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process or service by trade name, trademark, manufacturer, or otherwise does not necessarily congtitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

This report has been reproduced directly from the best avail able copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22161, phone: (800)

553-6847, fax: (703)  605-6900, email: orders@ntisfedworld.gov  online  ordering:
http://www.ntis.gov/ordering.htm

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from: U.S.
Department of Energy, Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN
37831-0062, phone: (865 ) 576-8401, fax: (865) 576-5728, email: reports@adonis.osti.gov



DP-MS-75-81

PERMEABILITY OF NICKEL TO HIGH PRESSURE
HYDROGEN ISOTOPES*

M. R. Louthan, Jr. and R. G. Derrick
Savannah River Laboratory

E. I. du Pont de Nemours and Company
Aiken, SC 29801

The permeability, ¢, of commercially pure nickel (Type 201;
99.5 wt % Ni + CO) to hydrogen isotopes at high pressures (up

to 275 atm) was found to be in excellent agreement with the

equation:
6.1 x 1072
¢ = ——"—"—— exp [-13,200/RT] ey
5vm
where
m = mass number
¢ = cc(gas) S—lcm_latm—l/2

This equation was previously developed from data for the permeation
of hydrogen isotopes at low pressures (up to 4 atm) through high
purity (v99.999%) nickel.! Data presented in this note demonstrate
that Equation 1 is also applicable to Type 201 nickel over a broad
range of temperatures (297 to 652°K) and pressures (1 to 275 atm).
Several techniques were used to study the permeability of
_nickel to hydrogen. At low pressures (1l atm), steady-state permea-

tion rates were measured for annealed foil specimens of about 3.8 x

* Work done under ERDA Contract No. AT (07-2)01.



1072 cm thick. Tests were conducted in an apparatus described
previously.2

Protium permeation rates were determined from pressure rise
measurements. Deuterium permeation rates were measured with a
mass-4 leak detector. Tritium permeation rates were determined
by collecting the permeating gas, expanding thé collected gas into
an ionization chamber, and measuring tritium decay with a vibrating
reed electrometer. Permeation was measured at high pressures
between 297 and 422°K and at low pressures between 359 and 652°K.

The permeability of Type 201 nickel to tritium is summarized
in Figure 1. The effect of pressure on permeation was adjusted
to one atmosphere by a Sieverts Law approximation. The Richardson-
Arrhenius equation, determined by a least squares regression
analysis of twenty-two individual measurements, is:

¢p, = 1.1 x 102 exp [-12,900/RT] 2)

A similar analysis of the deuterium data, summarized in Figure 2,
yields

oy, = 3.5 x 1072 exp [-13,900/RT] ' (3)

The tritium and deuterium data were combined with low pressure
protium permeation data by using the inverse-square-root-of-mass
correction to approximate the isotope effect on permeability.’

The combined data, summarized in Figure 3, are in excellent agree-
- ment with Equation 1 and also agree closely with the "best value"
calculation of Robertson* for the permeability of nickel to
protium at 1 atm or less and between 297 and 1333°K. The fit of

the high pressure deuterium and tritium data to Equation 1 indicates:



e the inverse square root of mass correction predicts
isotopic effects on hydrogen permeation through

nickel over a wide range of temperature and pressure.

e a Sieverts Law approximation will predict the effect
of pressure on hydrogen solubility in nickel up to

275 atm.

e the diffusivity of hydrogen in nickel is not con-

centration dependent.

This last conclusion is based on the observation that the
maximum concentration of hydrogen in the high pressure test speci-
mens is over 100 times the maximum concentration in the low
pressure specimens. If diffusivity depended on concentration,
the high and low pressure permeation data shown on Figures 1, 2,

and 3 should not agree.
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FIG. 1 PERMEABILITY OF TYPE 201 NICKEL TO TRITIUM
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FIG. 2 PERMEABILITY OF TYPE 201 NICKEL TO DEUTERIUM

Pressures ranged from 1 to 275 atm.
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3 PERMEABILITY OF TYPE @01 NICKEL TO HYDROGEN ISOTOPES
A11 data were normalized by the inverse-square-root-
of-mass correction for isotope effect to mass of one
and by Sieverts Law for pressure to one atm. Curve
is calculated from Equation 1 for high-purity nickel.



